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Description 

Fi&ld of the Invention 

[0001] The present invention reiates to a tissue graft 
for repairing dannaged or diseased urinary bladder. 

Bacl<ground and Summary of the Invention 

[0002] Urologists have long been searching for an al- 
loplastic or biodegradable material suitable for use as a 
urinary bladder replacement graft. Many experiments 
have been conducted utilizing synthetic biomateriais 
such as silicone rubber, polytetrafluoroethylene and 
polypropylene for bladder reconstnjction. Such materi- 
als have been found generally to induce foreign body- 
type reactions resulting in the rejection or mineralization 
of the graft. 

[0003] The reported failures of experiments with syn- 
thetic biomateriais, have led researchers to investigate 
the use of natural or synthetic biodegradable materials, 
such as gastrointestinal, placental, amniotic and peri- 
cardial tissues and synthetic resorbable polymers, for 
bladder regeneration. These materials serve as a scaf- 
fold for endogenous cell growth, but dissolve priorto the 
:onset of any foreign body-type reactions. In particular 
gastrointestinal tissue has been a preferred source of 
■material for bladder reconstruction. However, the use of 
gastrointestinal tissue in bladder reconstruction has 
■ been associated with deleterious side effects such as 
infection, intestinal obstruction, mucus production, elec- 
trolyte abnomnalitles and carcinogenicity. 
[0004] Placental, amniotic and pericardial tissue 
grafts are useful as graft materials for replacing urinary 
.'.bladder tissue however, such graft materials suffer the 
disadvantage of graft shrinkage, and they fail to promote 
complete bladder wall regeneration (tissue having a 
urine impemieabte layer and a functional muscle cell 
layer). 

[0005] Clearly a tissue graft material is desired which 
is non-immunogenic, which is not subject to gross 
shrinkage after implantation, and which promotes the 
growth of endogenous urinary bladder tissues having a 
urine impemneable cell layer and a functional muscle 
ceil layer. 

[0006] The present invention is directed to the use of 
vertebrate submucosa matrices for promoting the re- 
placement of damaged or diseased portions of a urinary 
bladder with endogenous urinary bladder tissue. The 
collagenous submucosa tissue used in accordance with 
the present invention comprise highly conserved colla- 
gens, glycoproteins, proteoglycans, and gly- 
cosaminoglycans in their natural configuration and nat- 
ural concentration. Submucosal tissue can be obtained 
from various sources, including particularly intestinal tis- 
sue harvested from animals raised for meat production, 
including, for example, pigs, cattle and sheep or other 
wamn-blooded vertebrates. This tissue can be used in 



either its natural configuration or in a comminuted or par- 
tially digested fluidized form. Vertebrate submucosal tis- 
sue is a plentiful by-product of commercial meat produc- 
tion operations and is thus a low cost tissue graft mate- 
5 rial, especially when the submucosal tissue Is used in 
its native sheet configuration. 

[0007] it is known that compositions comprising the 
tunica submucosa and the basilar portions of the tunica 
mucosa of the intestine of wamn-blooded vertebrates 

10 can be used as tissue graft materials in sheet fomn. See 
U.S. Patent No. 4,902,508. The compositions described 
and claimed in that patent are characterized by excellent 
mechanical properties, including high compliance, a 
high burst pressure point, and an effective porosity in- 

75 dex which allowed such compositions to be used bene- 
ficially for vascular graft constmcts. The graft materials 
disclosed in that patent are aiso useful in tendon, liga- 
ment and other connective tissue replacement applica- 
tions. When used in such applications the preferred graft 

20 constructs appear to serve as a matrix for the regrowth 
of the tissues replaced by the graft constructs. Intestinal 
submucosal tissue has undergone extensive immuno- 
logic testing in over 600 cross-species implants and has 
never been shown to elucidate a rejection reaction. 

25 [0008] Furthermore, it is known that intestinal submu- 
cosa can be fluidized by comminuting and/or protease 
digestion, without loss of its apparent biotropic proper- 
ties, for use in less invasive methods of administration 
(e.g., injection or topical) to host tissues in need of re- 

30 pair. See U.S. Patent No. 5,275,826. Fluidized commi- 
nuted intestinal tissue comprising tunica submucosa 
has previously been successfully used to repair and 
functionally augment damaged tissues including, for ex- 
ample, urinary bladder sphincter. Cornmon events totis- 

35 sue remodeling include widespread and rapid neovas- 
cularization, proliferation of granulation mesenchymal 
ceils, biodegradation of implanted submucosal tissue,, 
and lack of immune rejection. 

[0009] Small intestinal submucosa has been explored 
40 as a patch graft for bladder augmentation in pigs and 
has been found a promising material (Knapp et al, Jour- 
nal of Endourotogy, 1994; vol. 8(2), p. 125-130). 
[0010] The present invention is directed to the use of 
vertebrate-derived submucosal matrices as a urinary 
bladder graft. Submucosal tissue is an inexpensive, 
nonimmunogenic material that induces host tissue pro- 
liferation, remodeling and regeneration of urinary blad- 
der tissues upon implantation. In accordance with this 
invention tissue graft constmcts comprising submucos- 
50 al tissue of a wanm-blooded vertebrate have been found 
to promote the growth of endogenous urinary bladder 
tissues having both a urine impermeable celt layer and 
a function muscle cell layer. 

55 Detailed Description of the Invention 

[0011] There is provided in accordance with the 
present invention a composition for replacing damaged 
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or diseased urinary bladder tissues. The submucosal 
graft compositions of the present Invention function as 
a blotropic/biodegradable scaffold that induces endog- 
enous tissues to Invade and replace the graft material 
with endogenous urinary bladder tissue. 
[0012] The submucosal tissue of the present tissue 
graft constructs is derived from vertebrate sub mucosa 
and comprises naturally associated extracellular matrix 
proteins, glycoproteins and other factors. In one embod- 
iment the submucosal tissue comprises intestinal sub- 
mucosal tissue of a wann-btooded vertebrate. The small 
intestine of wamn-blooded vertebrates is a prefen-ed 
source of submucosal tissue for use in this invention. 
[0013] Intestinal-derived submucosal tissue for use in 
this invention comprises the tunica submucosa delami- 
nated from both the tunica muscularis and at least the 
luminal portion of the tunica mucosa. In one embodi- 
ment of the present invention the intestinal submucosal 
tissue comprises the tunica submucosa and a basilar 
portion of the tunica mucosa, which can include the lam- 
ina muscularis mucosa and the stratum compactum 
which layers are known to vary In thicicness and In def- 
inition dependent on the source vertebrate species. 
[0014] The preparation of submucosal tissue for use 
in accordance with this invention is described in U.S. 
Patent No. 4,902,508. A segment of vertebrate intes- 
tine, preferably harvested from porcine, ovine or bovine 
species, but not excluding other species, is subjected to 
abrasion using a longitudinal wiping motion to remove 
the outer layers, comprising smooth muscle tissues, and 
the innennost layer, i.e., the luminal portion of the tunica 
mucosa. The submucosal tissue is rinsed with saline 
and optionally sterilized; it can be stored in a hydrated 
ordehydrated state. Lyophilized or air dried submucosa 
tissuecan be rehydrated, optionaify stretched, and used 
in accordance with this invention without significant loss 
of its cell proliferative activity. 

[0015] In one embodiment in accordance with the 
present invention, several strips of submucosal tissue 
can be adhered to one another to form a large area, sub- 
mucosal sheet. The process of forming large area sub- 
mucosal sheets involves cutting strips of submucosal 
tissue and overiapping at least a portion of each strip 
with a portion of an adjacent strip. The overiapped por- 
tions are then compressed under dehydrating condi- 
tions to fonn a large sheet of submucosal tissue. In one 
embodiment the strips of submucosal tissue are layered 
onto a permeable surface and a second optionally per- 
meable surface is used to compress the overiapped por- 
tions between the two surfaces. 
[001 6] In one embodiment a tissue grant construct is 
formed from 2 or more strips of submucosal tissue of a 
wann blooded vertebrate, the graft constnjct having a 
surface area greater than any one of the individual 
strips. 

[0017] Optionally the large area sheet of submucosal 
tissue can be formed from multiple layers of submucosal 
tissue strips. In one embodiment submucosal tissue 
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strips are organized on a mesh in one direction with at 
least a portion of one strip of submucosal tisue overiap- 
ping with at least a portion of another strip of submucos- 
al tissue. Once the mesh is covered with one layer of 

5 submucosal tissue the second layer of submucosal tis- 
sue is applied on top of the first layer but at a different 
angle relative to the first layer. Additional layers of sub- 
mucosal tissue can be added to obtain a graft construct 
having a desired strenght orthickness. After all the strips 

10 of submucosal tissue are placed on the mesh, another 
mesh is placed on top of the submucosal tissues and 
the "mesh-submucosal tissue-mesh" sandwich is com- 
pressed with a load and dried. This process produces a 
dried large area submucosal sheet that can be pealed 
off the mesh. 

[0018] In one embodiment the submucosal tissue 
construct is formed from two or more strips of submu- 
cosal tissue pressed together and dried through the use 
of vacuum bagging. In that method submucosal tissue 

20 is laid out between two perforated, preferably stainless 
steel, plates. The plates are shaped to define the de- 
sired shape, e.g. a pouch construct, for the bladder re- 
placement graft. The material is optionally placed on a 
surface and covered with blotting material to soak up 

25 water, and a breather blanket to allow air flow. The re- 
sulting "sandwich" of pressure plates and submucosal 
tissue is then sealed into a nylon bag that has a vacuum 
port. A vacuum is applied to pull air out of the vacuum 
bag and the resulting drop in atmospheric pressure 

30- compresses the plates against the submucosal tissue 
and simultaneously, at least partially, dehydrates the 
submucosal tissue. After4 to 24 hours of applying a vac- 
uum, the produced sheet is still moist and very flexible. 
No seams from the layering of the submucosal tissue 

35 are visible and the strength of a prototype 8-thickness 
sheet as detemnined by ball burst test is approximately 
36.36 kg. (80 pounds). This general procedure can also 
be used to shape single submucosa tissue strips for use 
in this invention, if "shaping" of such single layer sub- 

^ mucosa constructs is determined to be necessary or ap- 
propriate for particular surgical application. 
[0O19] Alternatively, large area sheets of submucosal 
tissue can be fomied from smaller segments of submu- 
cosal tissue through the use of sutures and/or the use 

^5 of binder pastes as described in U.S. Patent No. 
3562,820. 

[0020] The mechanical properties of the large area 
submucosal sheet can be altered by adjusting the 
number of layers in the sheet, varying the angle of ad- 
50 jacent layers to each other, and varying the load applied 
to press the submucosal strips into a large area submu- 
cosal sheet. 

[0021 ] The submucosal tissue grafts of the present in- 
vention can be preconditioned by stretching the material 
55 in a longitudinal or lateral direction as described in U.S. 
Patent No. 5,275,826. The submucosal material can be 
stretched prior to the fomnation of the graft constructs or 
during the fonnation of the constructs, orthesubmucos- 
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al tissue can be stretched after formation of the sheets. 
[0022] The graft compositions of the present invention 
can be sterilized using conventional sterilization tech- 
niques including glutaraldehyde tanning, fomnaldehyde 
tanning at acidic pH, ethylene oxide treatment, propyl- s 
ene oxide treatment, gas plasma sterilization, gamma 
radiation, electron beam and peracetic acid sterilization. 
Sterilization techniques which do not adversely affect 
the mechanical strength, structure, and biotropic prop- 
erties of the submucosal tissue is preferred. For in- 
stance, strong gamma radiation may cause loss of 
strength of the sheets of submucosal tissue. Preferred 
sterilization techniques include exposing the graft to 
peracetic acid, 1 -4 Mrads gamma in'adiation (more pref- 
erably 1 -2.5 Mrads of gamma irradiation) or gas plasma 
sterilization; peracetic acid sterilization is the most pre- 
ferred sterilization method. Typically, the submucosal 
tissue is subjected to two or more sterilization process- 
es. Afterthe submucosal tissue is sterilized, for example 
by chemical treatment, the tissue may be wrapped in a 
plastic or foil wrap and sterilized again using electron 
beam or gamma irradiation sterilization techniques. 
[0023] Tissue graft according to the present invention 
is used for replacing/reconstructing damaged or dis- 
eased urothelial tissue of the urinary tract. Urothelial tis- 
sue is defined herein as including the cells and tissues 
of* the ureter, urethra and renal collection system. The 
submucosal graft constnjcts promote the growth of en- 
dogenous urothelial tissues upon implantation into a 
host organism. These graft constructs can be used to 
replace large sections of the ureter, uretha and urinary 
bladder. 

[0024] Submucosal tissue graft constructs according 
to 'the present invention are to be surgically implanted 
to^promote the growth of endogenous urinary bladder 
tissues having a urine impermeable eel! layer and a 
functional muscle cell layer. The tissue graft material 
serves as a scaffold and induces the proliferation of 
functional urinary bladdertissuefomnation which replac- 
es the tissue, graft without shrinkage of the graft area 
or formation of "scar" tissue. 

[0025] As mentioned above, the tissue graft constmct 
is fonned in the shape of a pouch to assist in the re- 
placement of large portions (i.e., greater than 20%) of 
the urinary bladder. The construct can be fonned by sur- 
gical construction from one or more submucosal strips 
or by a compression-forming procedure such as that de- 
scribed above. Furthennore the tissue graft construct 
can be manipulated to fonrt ports in the tissue graft for 
surgical attachment and fluid communication with the 
ureters and the urethra. 

[0026] The tissue graft constructs of the present in- 
vention are to be implanted into a vertebrate host spe- 
cies to repair a damaged, diseased or otherwise func- 
tionally compromised urinary bladder. In one example 
the defective portion of the bladder is to be surgically 
removed and replaced with a tissue graft construct com- 
prising submucosal tissue of a wamn-blooded verte- 
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brate. Where the submucosal tissue is of intestinal oiigin 
it is prefen-ed that the luminal side of the intestinal sub- 
mucosal tissue is directed toward the bladder lumen. 
Large portions of the bladder can be removed and re- 
placed with the tissue grafts of the present invention. 
After implantation, the constructs are eventually remod- 
elled by the host with functional urinary bladder tissues 
having a stratification of cell layers similarto that found 
in the nomnal urinary bladder wall. It is anticipated that 
the entire urinary bladder can be replaced with the 
present graft constructto regenerate a functional urinary 
bladder. 

[0027] In vivo experiments have been conducted in 
pigs, dogs and rats to investigate the efficacy of submu- 
cosal tissue as an augmentation cystoplasty graft (see 
examples 2, 3 and 4). These experiments confirm the 
efficacy of the present graft constructs for urinary blad- 
der reconstruction. Morphologic examination of the uri- 
nary bladders from those experiments show that there 
was a clear remodeling of the tissue with minimal or no 
adhesions to the surrounding abdominal structures. Ad- 
ditionally, a smooth transitional epithelial cell layer was 
formed on the luminal surface creating a urine imper- 
meable layer that retains urine. 
[0028] The present experiments demonstrate that at 
least 70% of the original urinary bladder tissue can be 
removed and remodeled using the submucosal tissue 
grafts of the present invention. Thus only a small portion 
of the original urinary bladder tissue is required to be left 
while remodelling occurs. The source of the cells fomn- 
ing the smooth muscle cells of the urinary bladder has 
not been determined but likely represents mobilization 
of cells from the surrounding smooth muscle of the re- 
maining urinary bladder, as well as circulating mononu- 
clear cells that amve at the site viathe blood stream and 
differentiate into smooth muscle cells. 
[0029] Histological data obtained from the rat bladder 
replacement studies revealed that transitional epitheli- 
um completely covered the submucosal tissue patch 
graft by two weeks post operative. Significant acute in- 
flammatory response did not occur at any time during 
host remodeling. Host remodeling occurred primarily 
from mononuclear and fibroblastic cellular invasion from 
the periphery (2 weeks) wh ich migrated toward the cent- 
er (4 weeks) of the graft and was eventually replaced 
completely by native host tissue 3 months after implan- 
tation. Smooth muscle fibers, although sparse, were 
present at 4 weeks, and became fully organized and in- 
distinguishable from normal bladder smooth muscle fib- 
ers at 11 months. Histologically, thesefindings imply that 
the cellular reaction represents a fibrovascular healing 
type reaction, and the mononuclear cellular infiltrate 
represented digestion of the submucosal collagen and 
its replacement by native collagen. 
[0030] One complication associated wrth the use of 
foreign material in the urinary tract is the fonnation of 
calculi (the fomnation of inorganic masses, i.e., mineral 
salts or "kidney stones"). Although calculi were present 
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in a majority of the animals harvested after 3 months, 
they were free floating and not adherent to graft. Be- 
cause stone analysis revealed hydroxyapatite and not 
struvite, an infectious cause for the calculi is reduced. 
A review of the previously published long term augmen- 
tation studies in rats also revealed bladder calculi 
present in their control group, gastrocystoplasty group, 
ileocystoplasty group, and colocystoplasty group. Blad- 
der stone fomnation also been reported in a group of rats 
that received autoaugmentation. Therefore, it appears 
that any sort of bladder surgery in the rat predisposes it 
to stone fomnation. Given these findings, it appears that 
the calculi fomnation was due to the bladder surgery and 
not directly related to the submucosal graft material it- 
self. 

Example 1 

Preparation of submucosal tissue 

[0031] Small intestine submucosa was prepared in 
accordance with the procedures described in U.S. Pat- 
ent No. 4,902,508. Briefly, sections of porcine jejunum 
were harvested within ten minutes of euthanasia and im- 
mediately placed in 0.9% saline solution. These sec- 
tions were cut into 10 to 20 cm lengths and the me- 
senteric tissues were removed from the segment of the 
small intestine. The small intestine was exerted (inside 
out) and the tunica mucosa mechanically removed. The 
small intestinal segment was exerted again (i.e... the 
stratum compactum on the luminal side, as in the origi- 
nal orientation) and the serosa and tunica muscularis 
were removed from the outer surface. The tissue was 
rinsed in saline and placed in a 10"/© neomycin sulfate 
solution until used as a graft material. Storage time for 
the graft material ranged from 2 weeks to 3 months. It 
should be noted that preparation of submucosal tissue 
is a mechanical process similar to that of sausage cas- 
ing and involves no enzymatic reaction steps. 

Example 2 

Surgical Repair of Rat Urinary Bladder 

[0032] Twenty-two male Sprague Dawley rats, weigh- 
ing between 250 and 300 mg., were anesthetized with 
f nembutal (15 mg/l<g) and a midline abdominal incision 
was made exposing the bladder. The thin attachments 
of the perivesical fat were sharply freed from the bladder 
exposing the bladder neck. Four suspensory sutures of 
5-0 silk were then placed atthe four comers of theblad- 
derfor ease of bladdermanipulation. Utilizing microscis- 
sors, the entire dorsal surface of the bladder (10 mm x 
10 mm) was excised (approximately one-third of the 
bladder surface area) and hemostasis obtained with mi- 
crocautery. A piece of submucosal tissue graft was then 
fashioned slightly larger than the defect (stratum com- 
pactum surface facing the bladder lumen) and sewn into 



place with 7-0 mild chromic using a continuous, non-in- 
teriocking suture. To ensure a competent closure, a di- 
lute methylene blue solution was injected through a 30 
gauge needle on the ventral surface of the bladder. Su- 
5 tured margins from which dye extravasated were over- 
sewn with interrupted 7-0 mild chromic sutures. The 
submucosal tissue graft borders were then marked with 
four permanent marking sutures (proline) for future ref- 
erence as to the exact position of the graft. The abdom- 
10 inal wounds were then dosed in two layers with running 
5-0 Dexon for both the muscle and skin. Urinary diver- 
sion or drains were not used in the immediate postop- 
erative period nor did any of the animals receive antibi- 
otics during the study period. 
15 [0033] For histologic evaluation, animals were sacri- 
ficed at 2, 4, 8, 12, 24, and 48 weeks post-augmentation 
and the resected bladders were fixed in buffered 10% 
formalin solution for at least 24 hours. After fixation, 
each specimen was bisected in a sagittal plane through 
20 the trigone and the grafted region at the dome of the 
bladder. Both halves were embedded in paraffin. Sec- 
tions were cut at 5 microns and stained with Massons 
hematoxylin and eosin, Periodic acid-Schiff, and Mas- 
sons trichrome stains. 

25 

Results 

[0034] Macroscopically, the inflated bladder speci- 
mens were unifomnly dilated without evidence of diver- 
ge ticular formation in the region of the graft. The grafts 
were barely discernible as a slightly whitened area com- 
pared to the surrounding native bladder. There were 
minimal adhesions to the surrounding perivesical fat or 
other intraabdominal structures. Free floating, tan- 
35 brown calculi non-adherent to the graft were noted in 
the bladders of three of the four animals harvested at 
twelve weeks, one of two animals harvested at twenty- 
four weeks, and three of four of the animals harvested 
at forty-eight weeks. None of the other animals had any 
40 evidence of bladder calculi. Routine stone analysis re- 
vealed 100% hydroxyapatite. No gross evidence of hy- 
dro uretero nephrosis was apparent in any of the ani- 
mals. Two animals died in the early postoperative period 
secondary to suture line leakage and these animals 
^5 were replaced to maintain the total number of animals 
at 22- No other animals were lost throughout the study 
period. 

[0035] Histologically, at two weeks, the submucosal 
tissue grafts were completely covered by transitional ep- 

50 ithellum. Grafts showed a prominent vascular prolifera- 
tion (neovascularization) at their edges and infiltration 
of their entire surface by fibroblasts and new capillaries. 
There was a moderately intense mononuclear inflam- 
matory cell response in the periphery. Centrally, the in- 

55 flammation was less intense, and fibroblasts and small 
capillaries infiltrated the collagen fibers of the submu- 
cosal tissue. 

[0036] By four weeks, the grafts were infiltrated com- 
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pletety by well-formed small blood vessels and fibrob- 
lasts.. Mononuclear inflammatory cell infiltrates were 
minimal at the edges but moderately intense in the cen- 
tral region. Myofibers with morphologic and staining 
characteristics consistent with smooth muscle were 
scattered throughout the periphery. 
[0037] Atthree months, inflammatory activity through- 
out the graft had subsided, and small but well-formed 
blood vessels persisted. Collagen was well organized, 
and scattered fibroblasts were interspersed among the 
individual collagen fibers. Small myofibers with morpho- 
logic and staining properties of smooth muscle were 
present scattered throughout. In addition, distinct bun- 
dies of well-formed smooth muscle now were evident in 
a small portions of the grafts. 

[0038] Finally, at 24 and 48 weks post-augmentation 
all three layers of the nonnal rat bladder (urothelium, 
smooth muscle and serosa) were present and grossly 
and microscopically indistinguishable from the normal 
rat bladder. The pemnanent marking sutures delineating 
the margins of the submucosal tissue graft were the only 
guide to where the submucosal tissue graft had been 
surgically implanted and there was no evidence of graft 
shrinkage. Animals with bladder calculi present had a 
global urothelial inflammation in both the submucosal 
tissue regenerated and remaining nonnal bladder. Ani- 
mals without calculi had no signs of inflammation. 

Example 3 

Surgical Repair of Dog Urinary Bladder 

[0O39] A dog study comprising fourteen animals was 
also conducted in which 30-70% of the urinary bladder 
was replaced by peracetic acid sterilized submucosal 
tissue material. The animals were sacrificed at 1 week, 
2 weeks, 4 weeks, 8 weeks, 12 weeks, 6 months^ and 
14 months after surgery. In summary, the animals all 
showed the ability to retain urine, and to urinate normal- 
ly, within two days of the surgery. The urinary bladders 
remodeled (the graft tissue was replaced with endog- 
enous urinary bladder tissue) within a very short period 
of time {1-2 weeks) to contain a normal transitional ep- 
ithelium, basement membrane, submucosa, and a thin- 
ner and normal but definitely organized smooth muscle 
cell layer. None of the dogs became infected, showed 
fever, or showed any evidence of rejection of the xeno- 
geneic material. 

[0040] In wfro studies of the excised tissue at the time 
of sacrifice show that the newly remodeled urinary blad- 
der contained contractile and functioning spindle cells 
(smooth muscle cells) and had neural receptors. These 
cells reacted in response to carbachol and to nicotine. 
The carbachol responses were blocked by atropine. Ad- 
ditionally, the smooth muscle cells responded to electri- 
cal stimulus at approximately 75% of the normal urinary 
bladder smooth muscle contractile force. 
[0041 ] The volume of the urinary bladder prior to sur- 



gery was approximately 51 mis and at the time of sac- 
rifice the urinary bladder volume was approximately 55 
mis. Thus the size of the urinary bladder was retained 
with the use of the submucosal tissue graft material and 
5 there was no evidence of shrinkage as would be expect- 
ed in "scarring". 

[0042] The ability of the reconstructed urinary bladder 
to exert pressure was maintained. The pressure produc- 
ing capabilities of the u rine were 52 cm of water prior to 
10 surgery and 45 cm of water at the time of sacrifice. 



Claims 

?5 1. A tissue graft con Struct for replacement of damaged 
or diseased portions of a urinary bladder, said con- 
struct comprising a sheet of submucosal tissue of a 
wamn-blooded vertebrate fonmed in the shape of a 
urinary bladder for replacing 20% or more of the uri- 

20 nary bladder 

2. The tissue graft constmct of claim 1 wherein said 
tissue graft construct has ports for surgical attach- 
ment and fluid communication with the ureters and 

25 the urethra. 

3. The tissue graft constnjct of claim 1 wherein said 
tissue graft construct is fomried from two or more 
strips of submucosal tissue of a warm-blooded ver- 
so tebrate, said graft construct having a surface area 

greater than any one of the individual strips used to 
fomn said graft construct. 

4. The tissue graft construct of claim 1 , wherein the 
35 submucosal tissue is- intestinal submucosa com- 
prising the tunica submucosa delaminated from 
both the tunica muscularis and the luminal portion 
of the tunica mucosa. 

40 5. Atissuegraftconstructfor replacement of damaged 
or diseased portions of a urinary bladder, said con- 
struct comprising a sheet of submucosal tissue of a 
warm-blooded vertebrate formed as a pouch for re- 
placement of 20% or more of the urinary bladder 

45 

6. The tissue graft constnjct of claim 5 wherein said 
pouch has ports for surgical attachment and fluid 
communication with the ureters and the urethra. 

50 7. The tissue graft construct of claim 5 wherein said 
tissue graft construct is fomned from two or more 
strips of submucosal tissue of a warm-blooded ver- 
tebrate, said graft construct having a surface area 
greater than any of the individual strips used to form 

55 said graft construct. 

8. The tissue graft construct of claim 5 wherein the 
submucosal tissue is intestinal submucosa com- 
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prising the tunica submucosa delaminated from 
both the tunica muscularls and the lunninal portion 
of the tu nica nnucosa. 



Patentansprtiche 

1. Gewebetransplantatkonstrukt zur Ersetzung von 
beschadigten oder kranken Bereichen einer Harn- 
blase, dadurch gekennzeichnet, dass das Kon- 
strukt eine Lage von submucosalem Gewebe aus 
einem wamnbtutigen Wirbeltier aufwelst, die In der 
Gestatt einer Harnblase zum Ersatz von 20% oder 
mehr der Harnblase gefomnt ist. 

2. Gewebetransplantatkonstrukt nach Anspruch 1, 
dadurch gekennzeichnet, dass das Gewebe- 
transplantatkonstrukt Offnungen zur chirurgischen 
Anbringung und fluiden Kommunikation nnit den 
Hamleitern und der Harnrohre aufwelst. 

3. Gewebetransplantatkonstrukt nach Anspruch 1, 
dadurch gekennzeichnet, dass das Gewebe- 
transplantatkonstrukt aus zwei oder nnehreren 
Streifen von subnnucosalenn Gewebe eines wanri- 
blutigen Wirbettieres ausgeblldet ist und dass das 
Transplantatkonstrukt einen oberflachlichen Be- 
reich aufweist, der grower ist als jederdereinzelnen 
zur Bildung des Transplantatkonstrukts venwende- 
ten Streifen. 

4. ; Gewebetransplantatkonstrukt nach Anspruch 1, 

dadurch gekennzeichnet, dass das submucosale 
Gewebe Darmsubmucosa ist, die die sowohl von 
..der Tunica muscularis und denn lunninalen Bereich 
derTunicamucosadeianriinierte Tunica submucosa 
aufweist. 

5. Gewebetransplantatkonstrukt zum Ersatz von be- 
schadigten Oder kranken Bereichen einer Harnbla- 
se, dadurch gekennzeichnet, dass das Konstrukt 
eine Lage von submucosalem Gewebe eines 
warmbiutigen Wirbeltieres aufweist, die als eine Ta- 
schezum Ersatz von 20% oder mehr der Harnblase 
geformt ist. 

6. Gewebetransplantatkonstrukt nach Anspnjch 5, 
dadurch gekennzeichnet, dass die Tasche Off- 
nungen zur chirchurgischen Anbringung und flui- 
den Kommunikation mit den Harnleitern und mit der 
Harnrohre aufweist. 

7. Gewebetransplantatkonstrukt nach Anspruch 5, 
dadurch gekennzeichnet, dass das Gewebe- 
transplantatkonstrukt aus zwei oder mehr Streifen 
von submucosalem Gewebe eines warmbiutigen 
Wirbeltieres ausgeblldet ist und dass das Trans- 
plantatkonstrukt einen Oberflachenbereich auf- 
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weist, der groBer als jeder der einzelnen zur Bildung 
des Transplantatkonstrukts verwendeten Streifen 
1st. 

5 8. Gewebetransplantatkonstnjkt nach Anspruch 5, 
dadurch gekennzeichnet, dass das submucosale 
Gewebe Damnsubmucosa 1st, die sowohl von der 
Tunica muscularis und dem luminalen Bereich der 
Tunica mucosa delaminierte Tunica submucosa ist. 

10 

Revendications 

1 . Structure pour greffe de tissu destinee ^ remplacer 
'5 des parties endommagees ou malades d'une ves- 

sie, ladrte structure comprenant une feuille de tissu 
sous-muqueux d'un vertebre a sang chaud configu- 
r^e sous la forme d'une vessie afln de remplacer20 
% ou plus de la vessie. 

20 

2. Structure pour greffe de tissu selon la revendication 
1 , dans laquelle ladite structure pour greffe de tissu 
presente des orifices a des fins de fixation chirurgi- 
cale et de communication fiuldique avec les uret^- 

25 res et I'uretre. 

3. Structure pour greffe de tissu selon la revendication 
1 , dans laquelle ladite structure pour greffe de tissu 
est formee de deux bandes ou plus de tissu sous- 

30 muqueux d'un vertebre h sang chaud, iadtte struc- 
ture pour greffe de tissu ayant une surface supe- 
rieure k n'importe laquelle des bandes individuelles 
utiltsees pour former ladite structure pour greffe. 

35 4. Structure pour greffe de tissu selon la revendication 
1 , dans laquelle le tissu sous-muqueux est la sous- 
muqueuse tntestinale comprenant la sous-muqueu- 
se d^coll^e ^ la fois de la tunique musculaire et de 
la partie luminale de la muqueuse. 

40 

5. Structure pour greffe de tissu destinee a remplacer 
des parties endommag6es ou malades d'une ves- 
sie, ladite structure comprenant une feuille de tissu 
sous-muqueux d'un vert6br6 ^ sang chaud configu- 

45 ree sous forme de poche afin de remplacer 20 % 
ou plus de la vessie. 

6. Structure pour greffe de tissu selon la revendication 
5, dans laquelie ladite poche presente des orifices 

so & des fins de fixation chirurgicale et de communica- 
tion fiuldique avec les ureteres et I'uretre. 

7. Structure pour greffe de tissu selon la revendication 
5, dans laquelle ladite structure pour greffe de tissu 

55 est formee a partir de deux bandes ou plus de tissu 
sous-muqueux d'un vertebre k sang chaud, ladite 
structure pour greffe de tissu ayant une surface su- 
perieure a n'importe laquelle des bandes individuel- 
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les uti!is6es pour former ladite structure pourgreffe. 

8. Structurepourgreffedetissuselonlarevendicatton 
5, dans laquelle le tissu sous-muqueux est la sous- 
muqueuseintestinalecomprenantlasous-muqueu- s 
se decoll§e a la fois de la tunique musculaire et de 
la partle lumtnale de la muqueuse. 
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